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are adjacent to the insertions of the ACL. Potentially, the cartilage may
swell or hypertrophy in these regions due to an involvement of the ACL
during injury. Our results suggest that the pattern of cartilage loss may
differ slightly between post traumatic OA and primary OA knees.
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BONE SHAPE IS NOT ABNORMAL PRIOR TO OA BUT CHANGES RAPIDLY
WITH OA DEVELOPMENT AND MAY BE A USEFULMARKER OF OA
OCCURRENCE
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Purpose: To determine whether 3D shape of the femur and tibia are
predictive of the incidence of osteoarthritis, and the usefulness of 3D shape
as a marker of occurrence.
Methods: Radiographs were drawn from 1000 subjects of the incidence
cohort of the publicly released OAI dataset. Paired images at baseline, 12, 24
and 36 months were read by an experienced reader to determine possible
incident x-ray OA cases (deﬁned as KL≥2) in knees without OA at baseline
(KL≤2)) over the follow-up. A second experienced reader independently
read paired images of these possible cases mixed with controls. Incident OA
cases were deﬁned only when both readers agreed independently. Cases
with any lateral OA were excluded. 2 controls were selected per case,
matched on KL grade at baseline.
Baseline DESS-we images from the OAI dataset were used to identify
vectors which were best able to discriminate subjects with OA from those
who did not have OA. A statistical model of the femur and tibia bone
surfaces, built from an unrelated dataset, was automatically ﬁtted to each
image of a training dataset of subjects from the OAI control group and the
O.B.1 group. This resulted in ﬁtting a standardized grid of points to the
femur and tibia within each image. We used linear discriminant analysis
to identify the vectors which best separated the groups; separate vectors
were identiﬁed for the femur, the tibia and the combined bones.
For the current study, the bone model was ﬁtted to each of the case and
control images at baseline and at each annual follow-up. The resultant
shape was projected onto the vectors described above. For each image, this
produces a single value of the distance along the vector, which is scaled so
that the mean non-OA shape is represented as -1, the mean OA shape as +1.
Results: Comparing baseline images when no OA was present in either
46 cases or 92 controls, a t-test of the difference between the population
means for the value of the vector was not signiﬁcant using the tibia
vector. Using the femoral vector a small but signiﬁcant difference was
found (difference between means = 0.24, p = 0.01), but this is too small
a difference to predict later incidence of OA. With follow-up as the cases
developed radiographic OA, all of the vectors (femur, tibia and combined)
showed separation of the case and control groups, a separation which
increased with time (see Figure 1 for the results for the combined vector).
The results for the combined vector are shown in Figure 1. Table 1 shows
the amount of change at each time point using the combined vector. The
high SRM value at years 2 and 3 with this cohort suggest that this is a
highly sensitive measure of disease occurrence and possibly progression.
Figure 1. Figure shows change in the value of the combined vector from baseline for the
femur and tibia in case and control groups, with 95% conﬁdence limits. n for case group
was 46, 44, 41 and 36 at 0, 12, 24 and 36 months. Control group n was 92, 89, 77 and 69.
Conclusions: There is a small but signiﬁcant difference between the groups
at baseline, which does not predict the likelihood of OA incidence. However,
Table 1. Differences in value of the combined vector between cases and controls by length
of follow-up
12 months 24 months 36 months
Mean change since baseline 0.120 0.359 0.470
95% Conﬁdence limits (0.04, 0.2) (0.26, 0.46) (0.34, 0.6)
p-value 0.00535 8.77E-09 1.13E-08
SRM 0.442 1.130 1.235
as OA develops, the vectors for femur, tibia and combined bone change,
discriminating robustly between developing OA and non-OA. Bone shape
does not appear to be a predictor of disease onset, but changes either
before or concurrent with disease development. The sensitivity of the
change in 3D shape, as judged by the SRM value, suggests that 3D shape
could be used as a biomarker to assess OA progression in clinical trials.
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It is increasingly appreciated that synovitis may be observed even in
early OA. Chronic inﬂammation and angiogenesis are closely integrated
processes. Arthroscopic studies suggest that localized proliferative and
inﬂammatory changes of the synovium occur in up to 50% of OA patients,
in MRI studies even up to 73%. Power Doppler ultrasound (PDU) is recog-
nized method in assessment of synovial vascularity but still inadequate in
quantiﬁcation of slow ﬂow in microvessels formed in angiogenesis.
Purpose: To investigate contrast-enhanced ultrasound (CEUS) potential
in detection and quantiﬁcation of synovial vascularity of early knee os-
teoarthritis (KOA) patients in comparison of knee symptoms, PDU and
synovial biopsy.
Methods: CEUS was performed to 24 patients (M/F 16/8) who were on
waiting list for arthroscopy and agreed to pass an additional test. Patients
were in age 34-60 (mean 48 yrs) and had BMI 21.5-36.5 (mean 28.1). Knee
symptoms had lasted in average 1.5 years. Radiographic OA distributed as
grade 0 in 31%, grade1 in 52% and grade 2+ in 17% of cases.
Function limitations and knee pain were evaluated using KOOS index.
Synovial vascularity was assessed by and CEUS examinations with Sequoia
512 (Siemens) US equipment using multifrequency linear 14 MHz trans-
ducer. PDU signal was graded on a scale of 0-3 (0=absent to 3=marked). All
patients underwent CEUS with SonoVue® (Bracco). For CEUS a commercial
vascular recognition imaging and quantitative assessment software were
used. For description of synovial vascularity three contrast quantiﬁcation
characteristics, arrival time (AT), time to peak (TTP) and peak intensity (PI),
were used.
Arthroscopy was performed via usual anterolateral and anteromedial
femorotibial portals 2-3 weeks after KOOS and US evaluation. Synovial
membrane biopsy specimens were taken under direct visualisation from
areas of macroscopically apparent synovial changes. In 18 cases immuno-
chemical staining with factor VIII was used to detect synovial new blood
vessel formation. Non-parametric statistics were used.
Results: The results distributed according to AT: without clear contrast
arrival peak (group I, n=10), with early perfusion (group II, AT less than 30
sec, n=7) and group III with later perfusion (AT longer than 30 sec, n=7).
KOOS subscales Symptoms (p 0.02), limitations in ADL and Sport/Recreat
(p 0.03) were signiﬁcantly more expressed in patients from group II and
III compared to group I, but no difference was observed between groups II
and III.
Number of synovial blood vessels in PF turned to be higher in groups II and
III (medians 52 and 50) in comparison of group I (median 35, p= 0.06 and
0.01, respectively). Signiﬁcant correlation was observed between the AT
values and number of synovial blood vessels (rho =0.624, n=18, p=0.006).
At the same time no correlation was found between the vessels’ number
and PDU results. Discrepant results of CEUS and PDU results were observed
primarily in group III (Fisher exact p=0.021), when only no ﬂow or minimal
ﬂow was seen by PDU.
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Conclusions: 1. Detectable contrast peak by CEUS was associated with
lower KOOS indices
2. Detectable arrival time correlated with number of synovial blood vessels
3. In some patients CEUS and PDU can offer discrepant results. Further
investigation is needed in cases of longer AT (> 30 sec) when CEUS might
be more informative than PDU in detection of low blood ﬂow
4. Using CEUS and performing time/intensity analysis enables to differenti-
ate states of increased vascularity in the KOA
Acknowledgment: This study was supported by grant MARSK 08067N and
SF0180161s08.
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Purpose: Grading radiographic osteoarthritis (OA) on an ordinal scale
commonly results in low sensitivity to change. Measurement of separate
radiographic OA features on a continuous scale using Knee Images Dig-
ital Analysis (KIDA) theoretically enables more precise measurement and
greater sensitivity to change. The longitudinal Cohort Hip & Cohort Knee
(CHECK) evaluates radiographic progression early in OA. The objective of
this study was to determine whether the sensitivity to change was greater
by using KIDA than by using ordinal grading according to the Altman atlas.
Methods: Sensitivity to change was determined by calculation of the small-
est detectable difference (SDD), which is a measure for the variability of the
radiographic procedure and digital analysis. SDD was determined for the
KIDA measures of the joint space narrowing (JSN; lateral and medial), os-
teophyte area (lateral and medial femur, lateral and medial tibia), and bone
density (BD; lateral femur and medial tibia). Since no repeated radiographs
were available, subsets of unchanged radiographic pairs from baseline to 2
year follow-up were selected based on an Altman grade of 0 at both time
points. Radiographic pairs were selected from 1002 CHECK participants
(2004 knees) for the JSN, osteophyte, and BD parameters separately (313,
303, and 213 pairs respectively). Next, of all CHECK participants available
baseline and follow-up radiographic pairs were evaluated. The percentage
of pairs changing on the radiographic parameters was determined for
KIDA, deﬁned as a change larger than the SDD, and for the Altman atlas
deﬁned as a change of at least one grade. Further, for each parameter
radiographic pairs with a change on KIDA and/or Altman were evaluated
using cross-tabulations.
Results: The SDD was on average 1.8mm for JSN, 3.4mm2 for osteophyte
area, and 11.6mmAl equivalents for BD parameters. Using KIDA, an average
increase in OA features was found in 6.4% (JSN), 7.6% (osteophyte), and
3.5% (BD) of radiographic pairs. Using Altman, an increase in OA severity
was found in 7.4% (JSN), 7.5% (osteophyte), and 0.8% (BD) of pairs. Inter-
estingly, of the radiographic pairs with a change, only a small percentage
changed both on KIDA and Altman grading, and a substantial percentage
changed on either KIDA or Altman. E.g. for medial JSN 17% of radiographic
pairs changed on KIDA and Altman, 38% changed only on KIDA, and 44%
changed on Altman only. Agreement was 10% for osteophyte, and 0% for
BD parameters.
Conclusion: Sensitivity to change of KIDA is comparable to Altman grading
in participants with early OA and relatively short follow-up, despite the
measurement on a continuous scale with KIDA. Importantly, KIDA and
Altman grading identiﬁed different OA progressors. The latter needs thor-
ough evaluation and might involve the quality of radiographic procedures
leading to non-comparative radiographs over time.
Sponsor: CHECK is initiated by the Dutch Arthritis Association.
Diclosure Statement: No conﬂict of interest.
Acknowledgment: Marja Lafeber is acknowledged for analyses of radio-
graphs.
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Purpose: Bone marrow lesions (BMLs) are an important source of symp-
toms and risk for disease progression in osteoarthritis (OA). Prior studies
have suggested increased bone remodeling within these lesions. The ob-
jective of this study was to begin to test the hypothesis that BMLs in
OA knees result from microfracture of pathologic bone with subsequent
remodeling associated with secondary bone healing. Speciﬁcally, bone
remodeling in BMLs was characterized histologically and presence and
activity of osteoclasts in BMLs were histochemically evaluated.
Methods: Magnetic resonance imaging (MRI): Fourteen patients with pre-
dominantly medial compartment osteoarthritis scheduled for total knee
replacement (TKR) underwent MRI identiﬁcation and localization of tibial
bone marrow lesions on the affected knee prior to TKR using a GE 1.5T
scanner with a dedicated extremity coil. An axial map of the tibial plateau
was made delineating the precise location of the bone marrow lesion and
to clearly identify a location of non lesion bone.
Hemotoxylin and eosin (H&E) staining: Surgically excised tibial plateaus
were paraformaldehyde ﬁxed, EDTA decalciﬁed, paraﬃn embedded, and
sectioned. H&E staining was performed to qualitatively evaluate for active
bone remodeling, endochondral ossiﬁcation, and distribution of lesions.
Osteoclastic bone resorption: Osteoclast presence and activity in the lesions
compared to non-lesion bone from predominantly the lateral compartment
was evaluated using osteoclast speciﬁc tartrate-resistant acid phosphatase
(TRAP) staining as well as immunohistochemical staining (IHC) of osteoclast
marker cathepsin K and monocyte/macrophage marker CD68.
Results: H&E staining: Subchondral sclerosis of bone below regions of
denuded cartilage was a consistent ﬁnding. Sclerosis was frequently ac-
companied by evidence of active bone remodeling, including reversal lines,
presence of osteoid, and increased numbers of osteoblasts and osteoclasts.
In some lesions there were islands of either necrotic bone or cartilage
cores (variably mineralized) within these areas of active remodeling. Some
of these islands were encased within bone, while others were in the
process of active remodeling characterized predominantly by osteoclastic
resorption.
TRAP Staining: BMLs exhibited enriched populations of osteoclasts com-
pared to non-lesion bone, as evidenced by the presence of TRAP positive
multinucleated osteoclasts in both the Haversian canals and marrow spaces
of subchondral bone. In contrast, TRAP positive osteoclasts in non-lesion
bone were scarce and if any, were likely to be restricted to the marrow
space. Interestingly, TRAP+ osteoclasts were mainly found to be in regions
below cartilage loss, where BMLs were frequently co-located.
Cathepsin K and CD68 IHC: Active bone resorption by osteoclasts was
conﬁrmed by positive cathepsin K and CD68 IHC and the appearance of the
classic osteoclast “ruﬄed border” and presence of Howships Lacunae on
the bone surface.
Conclusions: BMLs were associated with active bone remodeling, especially
in regions below denuded cartilage. Endochondral ossiﬁcation is involved
to some extent in new bone formation in a number of these lesions.
TRAP, CD68 and Cat K staining suggest that increased remodeling and the
consequent mineralization defects in BMLs may be attributed to increased
osteoclastic activity. Further investigation of the role of pathologic bone
remodeling in the development and progression of BMLs is warranted
given their pathological and clinical signiﬁcance.
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Purpose: Meniscal damage increases the risk of osteoarthritis (OA), acceler-
ating disease onset and severity. This study describes vascular penetration
